R
heumatoid Arthritis (RA) is a chronic inflammatory autoimmune disease of unknown origin. It manifests itself through an erosive, symmetric synovitis and frequently has multiregional, extra-articular manifestations. Its course is chronic, recurring in most cases with quiescent phases alternating with relapses. 1, 2 The eye, and the ocular surface in particular, is one of the regions frequently affected by this disease. 3, 4 The most frequent eye complication of RA, though not the most severe one, is keratoconjunctivitis sicca (KCS). With extended criteria for the diagnosis of dry eye, 5 the prevalence in RA is approximately 90%.
Approximately 11% to 31% of persons with RA have secondary Sjögren's syndrome (SSII). One of the main clinical signs of SSII, as well as of primary Sjögren's syndrome, is KCS. 6 The dry eye associated with Sjögren's syndrome is viewed as a prototype not only of the KCS associated with autoimmune diseases, but also of the hyposecretory dry eye in general. 7, 8 In this study we used confocal microscopy to analyze the corneal morphologic alterations in patients with RA, with or without SSII. We evaluated potential correlations between ocular surface manifestations of RA and the activity of systemic RA. These correlations are particularly interesting, because recent reports suggest that there are profound etiologic and pathogenic differences between KCS in patients with RA with SSII and patients with RA without SSII, though they lack manifest differences in the clinical indicators. 5, 9 Confocal microscopy appears to be an essential instrument for exploring the nature of corneal alterations in such patients, as it provides quick, noninvasive, in vivo microstructural evaluations.
METHODS

Patients
Fifty patients with RA were consecutively recruited (46 women and 4 men; average age, 52 Ϯ 13.1 years) after referral to our center by rheumatologists. In all patients, the possible presence of SSII was investigated in accordance with the American-European Consensus Group criteria. 10 These criteria require the presence of ocular or oral symptoms and the presence of at least two of the following three variables: ocular signs, histopathology in minor salivary glands, and objective evidence of salivary gland involvement. The Lansbury index (LI) 11, 12 was calculated to rate the degree of systemic RA activity. The control group (C) included 30 healthy people (24 women and 6 men; average age of 50.4 Ϯ 21.2 years) attending our general clinic.
The following were considered exclusion criteria: the presence of lymphomas, AIDS, sarcoidosis, or diabetes mellitus; dystrophies or inflammations of the ocular surface; systemic treatments with drugs with known corneal toxicity; local treatments with drugs against glaucoma and steroidal or nonsteroidal anti-inflammatory drugs (NSAIDs); the use of contact lenses; and previous ophthalmic surgery. We also excluded from the study those patients for whom the rheumatologist in charge of the case expressed a negative opinion on the execution of the anamnestic, clinical, and laboratory evaluations necessary to quantify the LI and the possible diagnosis of SSII.
All participants signed an informed consent. The study was conducted in accordance with the guidelines of the Helsinki Declaration and the Italian privacy law.
Clinical Evaluation
An accurate medical history was drawn up for each participant in the study, and all patients completed a questionnaire for a standardized evaluation of dry eye-related symptoms (Ocular Surface Disease Index; The publication costs of this article were defrayed in part by page charge payment. This article must therefore be marked "advertisement" in accordance with 18 U.S.C. §1734 solely to indicate this fact.OSDI). 13 All the subjects included in the study underwent a thorough ophthalmic evaluation, including biomicroscopic examination of ocular adnexa and anterior segment, evaluation of the breakup time of the tear film (BUT), tear secretion (Schirmer test with local anesthetic), corneal apex sensitivity (Cochet-Bonnet nylon thread aesthesiometer), and corneal surface staining with sodium fluorescein 1% collyrium, scored according to the van Bijsterveld method.
14 Both eyes were examined in all subjects. For statistical analysis of clinical and confocal data, the eye recording the highest score with the van Bijsterveld fluorescein test was selected. In case of equal score for the two eyes, the discriminant criteria considered were, by order of relevance, the lower corneal sensitivity and the lower score on the Schirmer test.
Confocal Microscopy
Image Acquisition. The examination with the confocal microscope (Confoscan 2.0; Nidek Technologies, Vigonza, Italy) was conducted in an area of 440 ϫ 330 m, approximately at the corneal apex, according to an already published procedure.
15
Image Analysis. The scanned confocal images were analyzed by the same masked investigator (EV). According to a previously described method, 15 we quantified the corneal and stromal thicknesses, the cell densities of the superficial and basal epithelium, and the cell densities of the anterior and posterior stroma. We quantified the number of the sub-basal plexus nerve fibers visible in one frame and the tortuosity and reflectivity of those fibers. 16 We also counted the number of beadlike formations per 100 m of nerve fiber, as described by Benitez del Castillo et al. 7 Finally, we quantified the number of activated keratocytes, defined as the highest number of hyperreflective keratocytes visible in one frame of stroma. A second independent investigator analyzed the images, quantifying the cell density in the different layers, the number of activated keratocytes, and the number of beadlike formations. These data were used to calculate the interobserver variance.
Statistical Analysis
All data are expressed as the mean Ϯ SD. The normal distribution of the variables was verified through the Kolmogorov-Smirnov test. Comparisons among the mean scores were made through one-way ANOVA with least-significant difference (LSD) post hoc test. The correlations among variables were studied with Spearman's index of linear correlation. The minimum criterion for tests of significance was P Ͻ 0.05. The statistical analysis was conducted with commercial software (SPSS for Windows, ver. 12.0; SPSS Sciences, Chicago, IL).
RESULTS
Clinical Data
Eight (16%) of the 50 patients with RA had SSII. For the clinical data derived from the OSDI questionnaire, the scores for the patients with RA with SSII and those without it were significantly greater than the control subjects (P Ͻ 0.001, Table 1 ). For BUT, Schirmer test, and corneal sensitivity, the scores for patients with RA with and without SSII were significantly less than those of the control subjects (P Ͻ 0.001). None of the variables analyzed were significantly different between the two RA groups.
Pachymetry and Cell Density Data
Each observation by confocal microscopy took 1.5 to 2.5 minutes, and none of the participants showed any relevant alteration of the ocular surface as a result of the examination. Both the cornea and stroma were significantly thinner in patients with RA than in healthy subjects (P Ͻ 0.001, Table 2 ). However, there were no differences between the two RA groups. The density of cells (per square millimeter) in the superficial epithelium, basal epithelium, anterior stroma, and posterior stroma of the RA groups with or without SSII were not significantly different from one another (Table 3) . Likewise, the number of hyperreflective activated keratocytes ( Fig. 1 ) was similar in both RA groups. In comparison to control subjects, the cell density of the superficial epithelium in both RA groups was significantly lower (P Ͻ 0.001). In contrast, the cell densities of the basal epithelium, anterior stroma, and posterior were all significantly greater than those of the control group (P Ͻ 0.001). Similarly, the number of activated keratocytes in the both RA groups was greater than in the control subjects (P Ͻ 0.001). The interobserver variance was 3%, 2%, 5%, and 5% for the cell densities of the superficial epithelium, the basal epithelium, the anterior stroma, and the posterior stroma, respectively. It was 22% for the number of activated keratocytes. There was strong correlation between the values obtained by the two investigators for all variables (P Ͻ 0.001; Spearman).
Sub-basal Plexus Data
Within the sub-basal nerve plexus, the number of nerve fibers, tortuosity, reflectivity, and beadlike formations were similar among both RA groups (Table 4) . However, the number of nerves in the RA groups was significantly less than in the control group, whereas the tortuosity and number of beadlike formations (Fig. 2 ) was significantly greater (P Ͻ 0.001). The reflectivity was similar between the RA and control groups. For beadlike formations, the interobserver variance was 8%, with a strong correlation between the values obtained by the two investigators (P Ͻ 0.001, Spearman).
Correlations of Clinical and Confocal Data
There was a statistically significant correlation between the LI and the Schirmer test for all patients with RA (P Ͻ 0.05, Spearman). This correlation was evident for the RA with SSII group (P Ͻ 0.05); however, it was not significant for the RA without SSII group (P ϭ 0.065). The LI also correlated with the number of beadlike formations and the number of activated keratocytes in the RA group with SSII (P Ͻ 0.01 and P Ͻ 0.05 respectively; Figs. 3A, 3B). Similar correlations were also present in the RA group without SSII (P Ͻ 0.05 and P Ͻ 0.05 respectively; Figs. 3C, 3D ). The patients with RA, both with and without SSII, showed several significant correlations among the clinical and confocal variables. The main ones are reported in Table 5 .
DISCUSSION
In the past few years, confocal microscopy has offered new opportunities to study the in vivo structure of the cornea. The technique permits visualization of disease-related microstructural alterations in the cornea by means of a noninvasive examination that is quick to execute and repeatable. According to the model used in recent studies, we used confocal microscopy in a quantitative way to evaluate RA-related changes in the cornea. In our opinion, this approach represents an important evolution in the use and application of this technology.
As in a previous study of patients with Sjögren's syndrome, 15 we found a surprising association between the standardized OSDI evaluation of symptoms and some clinical signs of the ocular surface. Many articles in literature emphasize the scant association between signs and symptoms in dry eye, [17] [18] [19] whereas others report occasional associations 8, 20 or inverse correlations. 21 Such heterogeneous data are probably due to the small size of the samples used in many of those studies and to the characteristics of the different questionnaires used.
Both groups of our patients with RA had central corneal and stromal thicknesses that were significantly thinner than the control group. These changes also occur for KCS in general 22 and for KCS combined with autoimmune disease. 15, 23 The thinning could occur by increased apoptotic and proteolytic phenomena of the stroma. Thinning may also be the result of increased tangential forces that act on the epithelial surface which can be abnormally irregular.
The superficial and basal epithelial cell densities and the apparent 24 anterior and posterior stromal cell densities in pa- tients with RA with SSII are similar to those previously reported. 15 We also found similar values in patients with RA without SSII.
For patients in both RA groups, we observed a significantly higher number of hyperreflective stromal cells than in the control group. These keratocytes are in a specific stage of metabolic activation induced by proinflammatory cytokines, such as IL-1 and IL-6. Benitez del Castillo et al. 8 have recently discussed the key role played by those keratocytes in the inflammatory process that is linked to dry eye-related disease.
As a matter of fact, the activated keratocytes are seemingly able to produce nerve growth factor, thus making a relevant contribution to the processes of activation and reorganization of the nerve fibers of the sub-basal plexus. In both groups of patients with RA, the nerve fibers showed increased tortuosity and a higher number of beadlike formations, which could be signs of metabolic activation of the plexus. 25 This is consistent with the correlations registered between the LI, an index of activity of the systemic disease, and the number of activated keratocytes and the number of beadlike formations in all pa- tients with RA. In a recent study, Fujita et al. 5 explored the possible correlations between RA activity and the alterations of the ocular surface. They reported a significant association between clinical tests for the ocular surface and the systemic disease only in patients who have RA with SSII. The validity and repeatability of the correlations between the systemic disease activity and the number of activated keratocytes and of beadlike formations should be carefully verified in broader studies, possibly conducted in a prospective way. Therefore, they cannot be used at the moment to draw conclusions on the pathogenic processes.
There were no differences in any of the variables that we evaluated when patients with RA with SSII were compared with patients with RA without SSII. These results are similar to previous findings obtained comparing patient groups with primary and secondary Sjögren's syndrome 15 and suggest that the same kinds of inflammatory and neurodegenerative and regenerative changes occur in the different autoimmune types of dry eye. These alterations show various intensities and associations with the severity of both the ocular surface and the systemic disease that are worthy of further studies.
In conclusion, confocal microscopy enabled us to identify several alterations of cell activity and innervation of the cornea in patients with RA with and without SSII. The potential of confocal microscopy has not yet been fully investigated for the study of pathologic processes and the complex interaction between the ocular surface and autoimmune systemic diseases. Our results are a stimulus for further development of new approaches to confocal microscopy in patients with KCS and autoimmune diseases. This approach may lend itself to the identification of some indexes of disease activity on the ocular surface that could be compared with the indexes of activity of the systemic disease. 
